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THE BLOOD PICTURE OF NORMAL LABORATORY
ANIMALS*
ROBERT A. SCARBOROUGH
THE MONKEY
I. Method of obtaining blood. The ear is the accepted source
of blood in the monkey.
II. Description of the red blood cells. These cells are bicon-
cave discs, showing some variations in size. Abnormal forms are
rare. Polychromatophilia is moderately frequent.
Nucleation. Hayem2"' found no nucleated red cells in examin-
ing four species of monkey. Anderson and Neill8 found one in ten
monkeys examined.
Reticulation. The average number of reticulated red cells is
0.3 per cent of the total number of erythrocytes, with a normal
range of from 0 to 0.8 per cent (Krumbhaar289). The reticulation
is delicate and feathery, the skeins being much fainter and more
delicate than in man or other animals.
Size. The erythrocytes of the monkey are similar to those of
man in size. Hayem2"' is the only investigator who gives measure-
ments of the erythrocytes. He finds an average diameter of 7.1,ui
in Cercopithecus. In Ouistiti the average size was 6.7,u, while in
Macacus cynomolgus it was 6.4,u.
III. Enumeration of the red blood cells. The average number
of erythrocytes found in 90 counts by four investigators is 5,590,000
per cu. mm., with a normal range of from about 5,000,000 to
7,000,000. The accompanying table gives the values found in the
literature.
ERYTHROCYTES
Maxi- Mini- No. of No. of
Authority Average mum mum Counts Animals
Anderson & Neill ........ (8) 4.6 6.1 3.6 20 10
Hayem ................ (216) 6.4 normal
4.2 normal
6.0 normal
6.3 normal
Krumbhaar & Musser (292) 6.0 7.1 5.1 20 13
Wells & Sutton ............ (605) 6.2 normal
Average .............. 5.59
(90 counts by 4 authors)
* Continued from p. 82, Vol. 4, No. 1.YALE JOURNAL OF BIOLOGY AND MEDICINE
IV. Physiological variations of the red blood cells. Krumbhaar
and Musser292 found that age and size apparently do not influence
the number of erythrocytes.
V. Hemoglobin content. The few studies made do not warrant
a conclusion as to the normal value. The following table gives the
values reported.
HEMOGLOBIN
Authority m : Technic
Anderson & Neill .... (8) 75 82 63 20 10 M. rhesus. Dare.
Klieneberger & Carl (281) 67 - 6 6 Sahli. Various species.
Krumbhaar & Musser (292) 85 99 73 20 10 Newcomer
103 115 88 10 3 Sahli
Krumbhaar & Musser (293) 95 102 85 13 7 Sahli
VI. Physiological variations in hemoglobin. No studies are on
record.
VII. Description of the white blood corpuscles. An adequate
description is lacking. Krumbhaar and Musser292 find that the
neutrophils have a very polymorphous nucleus with often as many
as 10 to 15 lobules. The lymphocytes are usually considerably
larger than in man. Lucas and Prizer3"' found that differentiation
of the large mononuclears and the large lymphocytes is quite
difficult.
VIII. Enumeration of the white blood cells. The average total
leukocytic count in 313 counts by 9 investigators is 16,210, with a
normal range of from about 8,000 to 25,000. The average
differential findings are as follows:
Polymorphonuclears ............................... 42.2%o (30-50)
Lymphocytes ................. .............. 52.8%o (40-60)
Large mononuclears and transitionals .......... 1.5%0 (1-12)
Eosinophils .............. ................. 3.7% (1-5)
Basophils .................................................... 0.32%o (0.1-0.5)
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The following table gives the normal values found in the
literature:
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IX. Physiological variations of the white blood cells. The
leukocytic content of the blood of monkeys is more constant than is
that of the dog. No other data are at hand.
X. Platelets. Krumbhaar and Musser292 found, in six animals,
an average count of 267,000 per cu. mm., with a variation of from
155,000 to 424,000.
XI. Coagulation time. No studies have been found.
XII. Resistance of the red blood cells. Krumbhaar and Mus-
ser292 have found beginning hemolysis to occur in 0.46 per cent
saline, and complete hemolysis in 0.33 per cent saline.
XIII. Blood volume. No studies of this subject have been
found.
XIV. Specific gravity. No studies have been reported.
THE CHICKEN
I. Method of obtaining blood. Blood is readily obtained from
the veins under the wing. From a small needle puncture the blood
flows under pressure. It is thick, dark red, and clots quickly. Care
must be taken in securing blood. The drop must not be exposed to
the air longer than necessary, as the thrombocytes undergo change
quickly. Degenerated thrombocytes resemble degenerated leuko-
cytes (Burnett80). Smears must be made quickly and in a dry
place.
II. Description of the red blood cells. The great majority of
erythrocytes are oval and nucleated. A few, however, are round,
and in these the nucleus is also round and shows a wider chromatin
network. These are probably young forms, corresponding onto-
genetically with human normoblasts. A few non-nucleated cells
are normally present.
Size. The average long diameter of the erythrocytes is 12.2k,
while the average short diameter is 7.3t. The following table gives
the values found by different investigators.
Average Average
long diameter short diameter
Goodall .............. ...... (194) 11.2,u
Gulliver .............. ...... (204) 12.1 7. u
Hayem ............ ........ (216) 11.5 7.2
Heinz ............ ........ (222) 14.3 7.9
Mack .......... .......... (338) 13.1 8.0
Malassez .................... (340) 13.5 6.5
Manassein .....................(344) 13.0 7.3
Welcker ................................ (601) 12.1 7.2BLOOD PICTURE OF NORMAL LABORATORY ANIMALS 203
III. Enumeration of the red blood cells. The average num-
ber of erythrocytes found in 246 counts by 20 investigators is 3,440,-
000 per cu. mm., with a normal range of from about 2,800,000 to
4,500,000. The accompanying table gives the values found.
ERYTHROCYTES
Authority
Albertoni & Mazzoni....
Burnett ........................
Ellermann & Bang ........
Fatham ........................
Fritsch ........................
Goodall ........................
Hayem ........................
Hedfield ......................
Heinz ..........................
Hirschfeld ..................
Klieneberger & Carl ....
Launoy & Levy-Bruhl..
Mack ..........................
Malassez ......................
Moore ........................
Salomon ......................
Schmeisser ..................
Stoltzing ......................
Ward ..........................
Warthin ......................
(5)
(80)
(160)
(165)
(181)
(194)
(216)
(218)
(222)
(234)
(281)
(307)
(338)
(340)
(373)
(488)
(501)
(545)
(589)
(592)
Average
2.5
3.0
3.0
4.7
3.0
3.2
2.4
4.2
4.0
3.0
3.1
2.98
3.0
3.1
2.7
3.6
3.2
3.5
3.9
3.3
2.5
Maxi-
mum
4.0
5.8
5.1
4.1
3.7
3.4
Mini-
mum
2.0
3.6
3.6
3.9
3.5
3.1
No. of No. of
Counts Animals
normal
normal
normal
50 50
20 20
normal
normal
19 19
4 4
normal
normal
normal
normal
normal
normal
2 2
normal
normal
1 1
normal
normal
Average ..............
(246 counts by 20 authors)
3.44
IV. Physiological variations of the red blood cells. Warthin592
found considerable variations under normal conditions. The female
has somewhat higher counts than themale (Hedfeld2"8, Salomon488).
The guinea-hen has been found to have a normal erythrocytic count
considerably lower than the common fowl, averaging 2,700,000 per
cu. mm. (Malassez40, Fritsch8').
V. Hemoglobin content. The normal hemoglobin content of
chicken blood is about 60 per cent by the Sahli method. The
following table gives the values found by various investigators.YALE JOURNAL OF BIOLOGY AND MEDICINE
HEMOGLOBIN
Authority e Technic
Burnett ................. (80) 76 85 70 normal Peripheral blood
Ellermann & Bang .......... (160) 58 65 50 normal Sahli
Fritsch ................. (181) 12.3 - - 10 10 Roosters
9.6 - - 10 10 Hens
Hirschfeld ................. (234) 60 - - normal Sahli
Hirschfeld & Jacoby ...... (235) 60 - - normal Sahli
Mack ........... ...... (338) 87 - - normal Peripheral blood
Miller ................. (386) 16.5 18 15 normal g. in 100 g. blood
Schmeisser ................. (501) 65 70 60 normal Sahli
VI, Physiological variations in hemoglobin. Ellermann and
Bang"60 have found the percentage of hemoglobin to be from 10 to
15 per cent higher in the adult than in young chicks.
VII. Description of the white blood corpuscles.
Polymorphonuclear neutrophils. There are no ordinary neu-
trophils in the blood of chickens. Their place is taken by poly-
morphonuclear cells whose colorless protoplasm contains a large
number of rod-shaped or spindle-shaped crystalline bodies with a
marked affinity for eosin. These cells are round, with a diameter
equal to the length of a red cell. The nucleus has two or more
lobes and is weakly basophilic.
Lymphocytes, resembling those of mammalian blood, are round
cells with a diameter about equal to the width of an erythrocyte.
The nucleus is round, diffusely staining. The small amount of
weakly basophilic protoplasm is crowded to one side of the nucleus.
Large mononuclear and transitional cells are round or oval cells
with a diameter equal to the length of an erythrocyte. The nucleus
is round, oval, or slightly irregular. The cytoplasm is more abun-
dant than in the lymphocyte, it completely surrounds the nucleus,
and is weakly basophilic.
Polymorphonuclear eosinophils are the same size and shape as
the polymorphonuclear cells. The nucleus is more pyknotic. The
cytoplasm is faintly basophilic, and contains numerous fairly large,
rounded, dull red neutrophilic granules resembling those found in
mammalian blood.
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Polymorphonuclear basophils are of the same size and shape as
are the eosinophils. The nucleus is round or oval, weakly basophilic.
The cytoplasm is abundant, colorless, mostly to one side of the
nucleus, and contains a moderate number of basophilic granules.
Myelocytes. A few myelocytes with a small pale nucleus and
pale protoplasm containing scanty basophilic granules varying in size
are found in normal blood (Goodall194).
VIII. Enumeration of the white blood cells. The total leuko-
cytic count in the chicken is high, giving an average in 126 counts by
13 investigators of 25,900 per cu. mm., with a normal range of from
about 20,000 to 40,000. The average differential findings are as
follows:
Polymorphonuclears ...................................... 3 1.1 % (20-40)
Lymphocytes ........................... ........... 51.6% (40-60)
Large mononuclears and transitionals ............ 0 0.O% (5-15)
Eosinophils ....................... ............... 5.9%o (2-10)
Basophils ................... ................... 2.6%o (1-4)
The table (page 206) gives the values found in the literature.
IX. Physiological variations of thewhitebloodcells. Warthin592
found under normal conditions considerable variation in the
leukocytic picture.
Young chickens have higher total counts than have adults, with
a greater proportion of polynuclear cells (Salomon488). Fritsch"8'
found the lymphocytes to be 24 per cent higher in the guinea-hen
than in the common fowl, while the polynuclears are 25 per cent
lower.
X. Platelets. The platelets vary considerably in size and shape
(Schmeisser501). Fritsch18' describes them as "very few", while
Goodall"94 states that they are absent. Albertoni and Mazzoni5
found an average of 45,500 platelets per cu. mm. of blood. Mack338
gives an average count of 55,200 per cu. mm.
XI. Coagulation time. The coagulation time is short, according
to the following determinations:
Amendt ........ (7) 4/2 min. 50 animals
Dorst & Mills ...... (131) 20 sec. to 4 min. 40 sec. normal
Rollat ........ (471) 2 min. to 12 min. normal
XII. Resistance of the red blood cells. No studies have been
reported.
XIII. Blood volume. No investigations of this subject could
be found.
XIV. Specific gravity. No investigations of this subject could
be found.
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